The use of a film-flow reactor for studying the kinetics of substrate removal is described. The reactor provides a means of maintaining a uniform layer of biologically active slime which is stationary while the feed solution is made to flow over the slime surface in a thin film. The study was designed to evaluate process limitations in the trickling filter process which is designed for the biological removal of waste matter from dilute solutions (W. J. Maier, V. C. Behn, and C. D. Gates, J. San. Eng. Div., Am. Soc. Civil Eng. 93:91, 1967) . The following discussion illustrates the use of a film-flow reactor and points out the advantages and disadvantages of such a model reactor.
From a theoretical viewpoint, the film-flow reactor has three advantages. (i) It holds the biologically active mass stationary and thus permits the making of rapid changes in environmental conditions such as composition of the growth medium and concentration of substrate.
(ii) It allows for instantaneous control of the flow of nutrients. (iii) It allows regulating contact time between the bacterial mass and the medium, independent of flow rates.
The disadvantages stem from the relatively low rates of mass transfer which limit removal of nutrients at low concentrations of nutrient.
Apparatus. An inclined flat surface, made of 1-inch (2.54 cm) thick clear plastic, was used as a support for slime growth (Fig. 1) Procedures and results. Slime growth is initiated by injecting inoculum into the flow of growth medium for a short period of time. After seeding, a small but continuous flow of medium is maintained and growth is allowed to fill up the void spaces in the wire mesh; this takes from 1 to 2 weeks. After the slime has filled the voids, excess growth is removed periodically by scraping with a knife edge. The thickness of the slime layer is thus controlled to the approximate thickness of the screen framework. Various thicknesses of slime can be achieved by superimposing successive layers of screen or by using screens of different thickness. The growth medium for the initial study consisted of a buffered salt solution with glucose as the sole source of carbon. Glucose was measured at the inlet and outlet to give a measure of rate of removal on the whole plate.
It has been shown from considerations of Reynolds number that the flow on a flat, inclined plane is in the laminar flow regime. Laminar flow can also be demonstrated by the use of dye injections which show that the flow lines are parallel to the surface of the slime layer. It follows that mass transport of nutrients from the liquid film to the slime layer is by molecular diffusion, which is relatively slow. However, the flat plate reactor has the advantage that the rate of mass transfer by molecular diffusion can be described mathematically, so that it becomes possible to distinguish between the situation where mass transfer is the rate-limiting factor and the situation where biological uptake is the rate-limiting factor. A general mathematical model which describes mass transfer and reaction at the solid surface of the inclined plane is described in the chemical engineering literature Cardenas, Jr., Appl. Microbiol. 14:857, 1966) . )se utiliza-The maximal possible rate of mass transport of Ltively low glucose from the liquid film to the slime surface, as calculated from the previously mentioned mathematical model, is shown in Fig. 2 
